A study was conducted under irrigation during dry season at the Katsina State Irrigation Site, Ajiwa. The aim of the experiment was to enhance the productivity of garlic through the choice of appropriate levels of nitrogenous fertilizer and suitable cultivar which maximizes yield. The experiment consisted of two varieties (ex-kofa and ex-sokoto) and four levels of nitrogen (0, 50, 100, and 150 kgN/ha). They were arranged in a randomized complete block design in three replications. The variety ex-sokoto was found superior to ex-kofa with respect to plant height, number of leaves, leaf area, and days to maturity, number of bulbs, bulb diameter, bulb weight, and number of cloves per bulb, cloves weight per bulb, and fresh and cured bulb yield. Application of 50 kgN/ha significantly increased plant height (cm), number of leaves per plant, leaf area, number of bulbs, and the total yield of the garlic. Significant effects of interaction between variety and nitrogen on leaf area and number of cloves per bulb of the garlic were observed. The combination of ex-sokoto variety and 50 kgN/ha was found to increase garlic yield. Maximum growth and yield could be realized using a combination of ex-sokoto variety and 50 kgN/ha at Ajiwa.
Introduction
Garlic (Allium sativum L.) belongs to the family Alliaceae. It is the second most widely used among cultivated alliums after onion (Allium cepa). The crop consists of an underground bulb and above the ground vegetative part which consists of the leaves and flowers. The rooting system is fibrous while the bulbs comprise small bulbils called cloves, which are the vegetative propagating materials of the crop [1] . Garlic is a cold weather perennial crop with high nutrient and water requirement [2] . The crop is grown under both rain-fed and irrigated conditions. It gives good result when grown on fertile well-drained and sand or silt-loam soils, with good moisture retaining properties. Garlic is mainly used as a spice, seasoning, and flavouring for foodstuff involving both green tops and bulbs due to its pungent flavour [3] . Garlic nitrogen requirement is 5% N, 4% N, and 3% N at prebulbing, bulbing, and postbulbing stages, respectively [4] , and it is considered deficient in nitrogen with 4% N, 3% N, and 2% N at early season, midseason, and late season, respectively [4] .
India is one of the world's largest producers of garlic with an average yield of about 5.23 tonnes per hectare [5] . Other growers are Spain, Egypt, Korean Republic, Argentina, Italy, China, and the United States. According to [6] , production of garlic stood at about 10 million tonnes per annum which is only about 10% of the production of bulb onions. The world average yield of garlic is about 10 t/ha but can go up to 19 t/ha. In Nigeria, the crop has been in cultivation for decades in northern states such as Kano, Sokoto, Borno, Bauchi, Jigawa, Katsina, and Zamfara [7] . The sativum variety has a bulb with many pure white or pink-blushed bulblets [8] .
Plant growth characteristics can vary tremendously from one location to another, complicating variety selection [9] . Significant variations were observed for various garlic 2 International Journal of Agronomy characteristics such as the relative growth rate, plant height, number of leaves, leaf area, and net assimilate rate [10] [11] [12] [13] due to grown cultivars. Recently, [14] reported variations in plant vigour among six garlic genotypes tested with Egaseed 1 and Sid 40 recorded the highest plant vigour compared to the other varieties. Earlier reports [3] showed that there was significant difference in plant height among the tested varieties. Variety Tsedey 92 recorded the highest plant height compared to the local variety Rie at Tegahne irrigation site, Golgol Naele, and Atsbi Womberta Wereda. It was reported in [15] that there was significant difference among 17 cultivars of garlic in plant height in 1995 rainy and 1996 dry seasons (under irrigation) at Debre Zeit.
Chemical fertilizers have become widely used in vegetable production in tropical areas, particularly, where they are readily available. It is well known that the use of fertilizer helps in production and is somewhat a quick method for achieving maximum yield [16] . Nitrogen is generally found deficient in most of the African soils particularly in the areas where farmers practice intensive cultivation and grow high yielding varieties [17] . Availability of nitrogen is of prime importance for growing plants as it is an integral part of chlorophyll molecules, which are responsible for photosynthesis [18] . A high rate of nitrogen induces growth, forms high amount of proteins, and, by competence, reduces anthocyanin synthesis because a high amount of amino acids is destined to form proteins [19] . Nitrogen is among the most important nutrient elements in garlic and other crops and actively acts in numerous metabolic processes. Nitrogen supply was reported [20] to affect growth and assimilation rates in plant mainly by altering the size of the photosynthetic apparatus (leaf area) and it may also affect leaf efficiency. Nitrogen fertilizer increased the rate of leaf appearance and the rate of leaf extension particularly for the first leaf, following effects on tissue nitrogen. Bulb growth also responded significantly to applied nitrogen [20] . Increasing nitrogen rates to 100 kgN/ha resulted in longer leaves and greater number of leaves per plant [21] . In another trial [2] , the growth and yield parameters increased with increasing nitrogen rates up to 150 kgN/ha. However, higher rates of nitrogen beyond 150 kg decreased growth and yield. 200 kgN/ha significantly increases the yield parameters like neck thickness, bulb diameter, number of cloves per bulb, and fresh weight of 20 cloves [22] . However, at Samaru in Nigeria [23] nitrogen application increased almost all growth and yield parameters of garlic significantly and the maximum yield of 15 t/ha was recorded with 90 kgN/ha. Furthermore [24] recorded significant increase in bulb yield with the application of 75 kgN/ha while clove weight increased only at 150 kgN/ha beyond which there was a significant reduction.
The wide gap between present low yield and the potential yield of garlic in Nigeria is an indication of several constraints that are limiting garlic production. Some of these limiting factors are environmental, While other factors are due to agronomic or cultural practices. Some of the major constraints include inadequate fertilizer, weeds, chemicals, storage, and transportation facilities. However, the per-hectare yield of garlic can be increased by adopting proper package of practices like timely planting, proper spacing, and judicious application of irrigation water, and besides these balance application of nitrogen plays a vital role in the development of garlic [21] . There is dearth of information on garlic production in Nigeria, except for some works done at Samaru on spacing, fertilizer, and irrigation requirements [24] . Generally, it is in view of this background that this study was undertaken with the aim of exploring opportunities to improve the productivity of garlic through the choice of appropriate levels of nitrogenous fertilizer and suitable cultivar which maximizes yield. The objectives were to determine the influence of nitrogenous fertilizer on the performance of two garlic varieties and their interactions. The hypothesis for this work was as follows: H 0 there is no significant variation between the two garlic varieties with respect to their growth and yield performance and different nitrogen fertilization does not affect the growth and yield of garlic. [26] . The soil of the experimental site was loamy soil. A detail of the physiochemical analysis of the soil was presented in Table 4 , while meteorological data was presented in Table 5 .
Materials and Methods

Treatments and Experimental
Design. The treatments consisted of factorial combination of two garlic varieties (exkofa and ex-sokoto) and four nitrogen rates (0, 50, 100, and 150 kgN/ha). These were arranged in a randomized complete block design and replicated three times. The total area for the experiment was 16 m × 6.5 m. The field was further made into three replicates with 1.0 m spacing between the replicates. Each replicate comprises 8 plots (each representing a treatment combination) with 0.5 m spacing between the plots. The experimental field was cleared, ploughed, and harrowed to pulverize the soil before making a plot of 1.5 m × 1.5 m as gross size in sunken appearance. The gross plot size was 2.25 m 2 and the net plot size was 1 m 2 . The net plot was "the central area where observations were taken." This is to avoid bias due to interference between plots. The plots were bounded by low bounds in order to retain the irrigation water. The uniforms inter-and intrarow spacing of 10 cm were used. Each gross size plot consists of 15 rows with 15 holes per row and a total of 225 plants per plot and 100 per net plot (10 rows with 10 holes per row). The total plant population was 5.400 plants during the experimental period. The crop received an application of nitrogen fertilizer as urea (46%) according to the treatments in two equal split doses. A basal dose of half the nitrogen rate was applied and incorporated at sowing. The second dose of the nitrogen was applied at four weeks after sowing (4WAS). The fertilizer was incorporated manually using hand hoe.
Experimental Material.
Local variety of garlic ex-kofa is popularly grown around Kofa village in Kano State.
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The matured bulb is globular in shape with white "skin" or outer covering. The bulbs are medium in size and sealed up at the tip. The ex-sokoto is also a local variety commonly grown in Sokoto State. The matured bulb is not completely round. The bulb has protruded cloves. This variety is also called Hyena Hoof. These varieties were selected based on their high bulb yield and pungent flavour.
Plant Husbandry.
The land preparation was carried out in the last week of December, 2010. Planting was carried out on December 30 in the 2010/2011 dry season. A day before planting, bulbs were separated into individual cloves with only the large and healthy ones selected and soaked in water overnight in order to remove the scale leaves covering the clove which enhanced rapid sprouting. The basins were preirrigated a day prior to planting. Planting was done manually on the prepared plots with one clove planted per stand. The cloves were placed into the soil 2-3 cm deep with the growing point upward and covered lightly with soil for consolidation. The experimental field was irrigated by surface flooding method, every three days during the early stages of growth and later every four days. Irrigation was stopped two weeks before harvest to allow for uniform maturity. Weeding was done manually using both handpicking and hoes weeding. The weeding was carried out at 4, 6, and 8 weeks after sowing. There was no observable incidence of either pest or disease attack on the crop throughout the growing period.
Morphophysiological Parameters.
Characters assessed include plant height, number of leaves, leaf area, and number of days to 50% maturity, matured bulb diameter, individual bulb weight, and number of cloves per bulb, cloves weight per bulb, fresh bulb yield, and cured bulb yield (Table 1 ).
Data Analysis.
Results were analysed using SAS version 9.3 computer software for all characters assessed [27] . Least significance difference (LSD) was used to separate the significantly different means and their interactions. The mean values of the dependent and independent variables were also subjected to correlation coefficients. Association of the various characters with yield per plant and among themselves was worked out at phenotypic level according to the method given in [28] .
Results
Garlic Varietal Response on Growth Characters.
The varieties differed significantly ( < 0.05) at most stages of growth in affecting the plant height, number of leaves, leaf area (Figures 1-3) , and days to 50% maturity (Figure 4(a) ) of garlic during the course of the study. The variety ex-sokoto consistently produced taller plants and grew more leaves with greater leaf area compared to ex-kofa. The growth of these parameters increases from 4WAS to 8WAS after which it declines. However, ex-kofa took the highest number of days to 50% maturity of the garlic plants compared to the ex-sokoto variety (Figure 4(a) ). Effect of interaction between variety and nitrogen rates on the garlic leaf area at 6WAS differed significantly ( < 0.05) during the study as shown in Figure 5 . Increase in nitrogen rates from 0 to 50 kgN/ha significantly increased leaf area in ex-sokoto with no significant influence on ex-kofa. The significant difference in the variety and nitrogen rates was found in the combination of ex-sokoto and 50 kgN/ha.
Effect of Nitrogen on the Growth Performance of Garlic during the Period of the Experiment.
Plant height, number of leaves, and leaf area differed significantly with different nitrogen rates (Figures 6-8) . 50 kgN/ha produced similar plant height and grew more leaves compared with the control 0 kgN/ha which was significantly higher than 100 and 150 kgN/h. The growth increases from 4WAS to 8WAS after which it declines. Similarly, nitrogen response differed significantly ( < 0.05) in days to 50% maturity (Figure 4(b) ).
With regard to the effect of nitrogen rates on the number of bulbs, fresh bulb and cured bulb yield responded significantly (Table 2) . 50 kgN/ha recorded the maximum number of bulbs and high bulb yield, while 150 kgN/ha recorded the lowest. Table 2 shows the effect of variety and nitrogen rates on the matured bulb diameter, individual bulb weight, number and weight of cloves per bulb, number of bulbs, and fresh and cured bulb weights. The effect of variety was highly significant ( < 0.05) in affecting all the yield and yield components of garlic during the period of the experiment. The variety ex-sokoto appeared to be superior to ex-kofa throughout the experiment ( Table 2) .
Yield and Yield Components Response to Different Nitrogen Rates and Garlic Varieties. The result in
The significant effect of nitrogen rates showed that 50 kgN/ha gave significantly higher number of bulbs and fresh and cured bulb weights than 150 kgN/ha which was similar with the control and 100 kgN/ha. Nitrogen application increases bulb yield initially at an increasing rate and then increases at a decreasing rate and then later at higher dose significantly decreases at a decreasing rate. On the contrary, matured bulb diameter and individual bulb weight and number and weight of cloves per bulb showed no significant effect (Table 2) . The effect of interaction between variety and nitrogen rates was found significant on the number of cloves per bulb of garlic during the period of the experiment (Figure 9 ). This was apparent from the difference in the main effects (variety and nitrogen). The result further depicts that 50 kgN/ha significantly gave the highest number of cloves per bulb compared to the control 0 kgN/ha with ex-sokoto variety beyond which there was no significant reduction. The ex-kofa variety produced similar number of cloves per bulb of garlic with all the nitrogen rates.
Correlation between Studied
Characters. To study the relationship between the yields and yield components correlation coefficient analysis was performed [27] . This helps to establish a better understanding of the relationship among the yield and yield related characters such as plant height, number of leaves, leaf area, number of bulbs, and cloves weight. Significant ( < 0.05) and very strong-positive phenotypic relationships were observed among individual bulb weight, cloves weight per bulb, number of bulbs, and fresh bulb and cured bulb yield characters (Table 3) . Besides, matured bulb diameter and individual bulb weight were found to have a significant strong-positive association with plant height. 1 * Significant at 5%. * * Highly significant at 1%. PH8: plant height at 8WAS, PH10: plant height at 10WAS, NLs8: number of leaves at 8WAS, NLs10: number of leaves at 10WAS, LA8: leaf area at 8WAS, LA10: leaf area at 10WAS, MBD: matured bulb diameter, IBW: individual bulb weight, NCB: number of cloves per bulb, CWB: cloves weight per bulb, NB: number of bulbs, FBY: fresh bulb yield, and CBY: cured bulb yield. 
Discussion
Garlic Varietal Response to Growth Characters.
Leaf is a food manufacturing factory for plants. Leaf area is directly related to photosynthesis as it provides more area for photosynthetic activity which consequently affects the yield. The photosynthetic material synthesized in the leaves primarily flows down to the root zone for bulb formation. Hence, plant height, the number of leaves, and leaf area are some of the most important measures of the plant vigour in garlic. Leaf number is directly related to variety characteristics [3] . The garlic varieties tested were the available varieties cultivated in the neighbouring areas of Ajiwa, Katsina State. They are mostly preferred by the consumer. The variety ex-sokoto appeared to be more vigorous in terms of plant height, number of leaves, and leaf area compared to the ex-kofa, thereby producing taller plants, and it grew higher number of leaves and wider leaves (leaf lamina). This work is in accordance with the work [29] that reported significant leaf number difference among garlic accessions and with the findings of [30] that reported significant difference in leaf width and length in Iranian garlic. In addition, the variety ex-kofa took more days to mature compared to the ex-sokoto variety indicating that ex-sokoto variety matures earlier than the ex-kofa variety. This is in harmony with the work [31] in which it was observed that Xian variety was earlier to mature and was harvested 18 days before the other tested varieties.
Response of Nitrogen to the Growth Performance of
Garlic during the Period of the Experiment. Plant height was apparently increased with increase in nitrogen up to 50 kgN/ha beyond which there was significant reduction at the later stage of growth (12WAS). The increase in plant height due to increase in nitrogen application indicates the positive role of nitrogen in plant growth and that the soil was deficient in nitrogen for garlic requirement. This agrees with the works of [16] that reported significant increase in plant height with the application of nitrogen fertilizer. Particularly at the early stage of growth, the maximum number of leaves per plant was recorded with 50 kgN/ha which was significantly higher than the control. This depicts that the increase in number of leaves per plant as a result of an increase in nitrogen indicates the positive role of nitrogen in increasing the rates of leaf initiation and extension in early growth. This finding is in harmony with the study of [21] that reported that application of nitrogen significantly increased number of leaves per plant. Similarly, further increment of nitrogen dose above 50 kgN/ha has led to a reduction in the leaf area. This could be explained on the basis that nitrogen supply affects growth and assimilation rates in plant mainly by altering the size of the photosynthetic apparatus (leaf area) and it may also affect leaf efficiency [32] . This is in agreement with [33] that reported that nitrogen application increased almost all growth parameters of garlic significantly. In essence, plants grown with 50 kgN/ha produced the maximum vegetative growth, which possibly enhanced the maximum photosynthetic activity and accumulation of dry matter in the plants. The decrease in these traits as a result of higher rates of nitrogen above 50 kgN/ha could be due to imbalance of nutrients for excess application of nitrogen. However, with respect to days to 50% maturity the control (0 kgN/ha) had the highest number of days to 50% maturity compared to the other nitrogen rates and 150 kgN/ha recorded the lowest. This shows that the more the increase in nitrogen the fewer the number of days to 50% maturity and the earlier the maturity. Similar conclusion was reported [34] . This agrees with the statement of the fact that a high level of nitrogen induces growth and forms a high level of proteins [19] .
Response of Different Nitrogen Rates and Garlic Varieties on Yield Related
Characters. According to this investigation garlic variety varies with respect to bulb diameter, bulb weight, number of cloves, and cloves weight. In harmony with this study, in [35] high variation was observed with respect to bulb weight, bulb diameter, and yield in garlic. This might indicate that bulb weight should be considered in the selection for garlic yield improving programs. The variety ex-sokoto which has protruded cloves and is not completely round produced the highest number of bulbs and fresh and cured bulb yield compared to the ex-kofa variety that is globular in shape. This might be due to the fact that yield and quality vary with variety of garlic [35] . The difference between the tested varieties on bulb diameter, number of cloves, and cloves weight might be due to the fact that garlic genotypes by environmental conditions had a high contribution to clove number and are controlled by the interaction effect of a number of genes. This investigation agrees with [12] that reported that among the tested varieties Clone 24 recorded the highest total number of cloves. It further reported the significant variation among the garlic varieties tested in bulb diameter, bulb weight, and cloves weight.
Availability of nitrogen is of prime importance for growing plants as it is a major and indispensable source of protein and nucleic acid molecules. It is also an integral part of chlorophyll molecules, which are responsible for photosynthesis. An adequate supply of nitrogen is associated with vigorous vegetative growth and more efficient use of available inputs finally leading to higher productivity. Production of maximum bulb yields by the application of nitrogen at 50 kgN/ha could be due to production of taller plants with higher number of leaves leading to increased formation of vegetative structure for nutrient absorption and photosynthesis and increased production of assimilates to fill the sink which result in increased bulb size and weight. The decrease in bulb yield at higher rates might be due to imbalance of nutrients for excess application of nitrogen. This investigation is in agreement with the findings of [11, 30 ] that 8 International Journal of Agronomy observed significant increase in yield and yield components due to nitrogen application. The combination of ex-sokoto variety with nitrogen rate at 50 kgN/ha gave good vegetative growth and yield as when combined with the higher doses of 100 and 150 kgN/ha during the experimental period at the experimental site.
Correlation between Characters.
Garlic bulb yield, as in other crops, is a quantitative character that is influenced by a number of yield contributing characters [36] . Association analysis measures the mutual relationship between various characters and it determines the component characters which could serve as selection criteria in crop improvement program. The selection of desirable genotypes is usually based on yield and yield components. From this analysis, it shows that taller plants have better bulb diameter that leads to a better bulb weight. The higher the bulb weight the better the clove weight and size, hence increasing the yield of garlic. In addition, number of bulbs has strong association with bulb yield.
Conclusion
Fertilizers vary in type and composition and since the range of soil types on which they can be used is also wide, firm recommendations for their application to specific crops can only be made if the local soil and climatic conditions are known. Based on the results obtained in this study, it could be suggested that the use of ex-sokoto in combination with 50 kgN/ha results in better garlic performance at Ajiwa. Furthermore, for the improvement of garlic production through selection matured bulb diameter, individual bulb weight, number of bulbs, and cloves weight per bulb could be suggested as revealed from this investigation.
However, the parameters discussed above are function of environmental variability, so estimates may differ in other environments but at Ajiwa and areas with similar soil and climate conditions this could be useful. Further researches could be carried out at various agroclimate and soil type to identify suitable varieties for maximum productivity.
